Hippocampal astrocytes in situ exhibit calcium oscillations that occur independent of neuronal activity.
Results presented in this study indicate that a large subpopulation (approximately 65%) of hippocampal astrocytes in situ exhibit calcium oscillations in the absence of neuronal activity. Further, the spontaneous oscillations observed within individual hippocampal astrocytes generally developed asynchronously throughout the astrocyte's fine processes and occasionally spread through a portion of that astrocyte as a calcium wave but do not appear to spread among astrocytes as an intercellular calcium wave. Bath application of cyclopiazonic acid and injection of individual astrocytes with heparin blocked astrocytic calcium oscillations. Application of tetrodotoxin or incubation of slices with bafilomycin A1 had no effect on astrocytic calcium oscillations but did block evoked and spontaneous postsynaptic currents measured in CA1 pyramidal neurons. Application of a cocktail of antagonists for metabotropic glutamate receptors and purinergic receptors had no effect on the astrocytic calcium oscillations but blocked the ability of purinergic and metabotropic glutamatergic agonists to increase astrocytic calcium levels. These results indicate that the spontaneous calcium oscillations observed in hippocampal astrocytes in situ are mediated by IP3 receptor activation, are not dependent on neuronal activity, and do not depend on activation of metabotropic glutamate receptors or purinergic receptors. To our knowledge, this is the first demonstration that astrocytes in situ exhibit intrinsic signaling. This finding supports the hypothesis that astrocytes, independent of neuronal input, may act as pacemakers to modulate neuronal activity in situ.